Introduction
============

Population aging is now a worldwide phenomenon and a permanent trend. The number of elderly people increased by 2.4% between 1950 and 2005, much faster than the total population, the growth rate of which was 1.2 per cent between 2000 and 2005. The number of people aged 65 and over in 2010 was 7.3 per cent of the world population and is expected to exceed the number of people under age five in a little more than a decade^([@r01])^.

Aging is accompanied by several functional changes, including neurobiological ones. These changes in the central nervous system include atrophy of neuronal groups with dilation of ridges and ventricles, reduced synaptic activity, decreased plasticity, increased glial activity, accumulation of metabolic products, deposits of beta-amyloid protein, and granulovacuolar degeneration, which appear early in the medial temporal regions and spread throughout the neocortex^([@r02])^. These changes, particularly the latter, can develop into some types of dementia.

Currently over 25 million people are affected by dementia, most of whom suffer from Alzheimer\'s disease (AD), and about 5 million new cases of dementia occur per year^([@r03])^.The number of people with dementia is expected to double every 20 years and the prevalence of AD nearly doubles every 5 years beyond the age of 65. Hence, as it is the most prevalent progressive neurodegenerative illness worldwide, there is a need to study the pathophysiology of this disease as well as the risks and problems associated with it^([@r04]-[@r05])^.

A previous study showed that the cognitive deficits found in neurological diseases, such as AD, may cause interruption to the present and preparatory actions required for swallowing^([@r06])^. The main alterations to swallowing found in these patients are lingual motor dysfunction, delayed triggering of the swallowing reflex, failed oral motor control of the bolus, retention of food in the vallecula and pyriform sinuses, penetration and aspiration - especially of liquids, and absent mastication^([@r07])^.

This impaired swallowing can result in what is known as dysphagia, which is a common clinical manifestation in patients with Alzheimer-type dementia, affecting about 28% to 32% of these patients^([@r08])^. Swallowing disorders in patients with dementia may lead to the risk of malnutrition and death, due to low caloric intake and aspiration of food^([@r07])^. Dysphagia has also been correlated with the development of pneumonia, which is a common cause of morbidity and mortality, especially in elderly people with dementia^([@r09])^.

Studies have also shown that AD patients have a worse nutritional status when compared with a control group without dementia, with weight loss, and, often, inadequate caloric intake^([@r10]-[@r12])^. As nutritional status is often impaired in elderly people with AD, nutritional care and interventions regarding mealtime difficulties are essential; it is important to note that the second aspect is relevant to the clinical nursing practice^([@r13]-[@r14])^.

Although the most significant problems of dysphagia are found in the moderate and severe stages of AD, there is one study that reports swallowing difficulties during the early stages of the disease^([@r10])^. This study clearly shows the increased risk of dysphagia in AD patients, however, few studies have correlated dysphagia with the developmental stages of AD, malnutrition and food intake in these patients.

From the above arose the guiding question of this study: \"What is the relationship between the stage of development of AD and the risk of dysphagia and nutrition issues (nutritional status and caloric intake)?\" Understanding this issue may improve measures of healthcare professionals for elderly people with dementia, including nursing professionals, who are often responsible for the care of AD patients. Accordingly, the present study aimed to assess and verify the relationship between the risk of dysphagia, nutritional status, caloric intake, and the stage of Alzheimer\'s disease.

Methods
=======

This was a cross sectional study that was part of a larger project. The subjects were enrolled in the Specialized Drug Delivery Program of the Brazilian Ministry of Health, and resided in Guarapuava, Paraná, Brazil. The initial sample consisted of 66 subjects, of these, 7 patients died before the beginning of the data collection, 11 changed address and were not found and 18 patients were not found at the address recorded after three attempted visits on different days of the week. Thus, the final sample consisted of 30 patients diagnosed with probable AD according to the criteria of the National Institute of Neurologic and Communicative Disorders and Stroke and the Alzheimer Disease and Related Disorders Association (NINCDS-ADRDA)^([@r15])^. The mean age of the patients was 77±9.3 years and 60% (n=18) were female. The data collection took place between August and October 2011, in the homes of the elderly subjects.

The CDR (Clinical Dementia Rating) was assessed by the researcher (a health professional trained in this respect) to classify the stage of development of AD in the patients with this pathology. For each category (memory, orientation, judgment and problem solving, community affairs, home and hobbies, and personal care) a score was given - healthy/no dementia (CDR 0), questionable dementia (CDR 0.5), mild dementia (CDR 1), moderate dementia (CDR 2) or severe dementia (CDR 3) according to the rules established^([@r16])^.

To assess the degree of dysphagia, the adapted questionnaire^([@r17])^ entitled Questionnaire for Identifying Risk of Oropharyngeal Dysphasia in Elderly Patients with Dementia was used. The questionnaire addresses the following issues: the time required to complete meals; refusal of food; use of liquids during meals; tiredness when eating; remaining seated during meals; the escape of food from the corner of the mouth and the presence of food leftover after the meal; food consistency preference; forgetting to swallow; the expulsion of food from the mouth; difficulty swallowing some types of food; pain or discomfort when swallowing; frequent coughing or choking after swallowing; drowsiness after meals; presence of nasal reflux; and a history of frequent respiratory infections. From this evaluation, the dysphagia was classified as low risk (0 to 1 point), slight risk (2-9 points), moderate risk (10-17 points) or serious risk (18 to 25 points).

The nutritional status of the elderly subject was assessed using the Mini Nutritional Assessment (MNA)^([@r18])^, in which values less than 17 characterize the individual as malnourished, between 17 and 23.5 as at risk of malnutrition, and from 23.5 to 30 as having normal nutritional status. The MNA was applied by the caregiver of the patients with CDR 2 or CDR 3.

The patients\' food intake was assessed using 24-hour Recall, in which the caregiver provided information about times, food/beverages, type of preparations, and quantities of food consumed within the 24 hour period prior to the interview. The quantities consumed were estimated in household measures, units or portions. All the reported food/drinks underwent dietary analysis, consisting of the energy values (kcal), and macronutrient and micronutrient content, performed using the Avanutri^®^ version 4.0 (2010) computer program.

The values obtained for each nutrient were compared with the recommendations of the Dietary Reference Intakes - DRI, according to gender and age, as there are no specific recommendations for patients with AD. The appropriate percentage of each nutrient was calculated for each patient using the following formula:

Appropriate percentage = quantity of nutrient taken in (g/mg/mcg) ÷ recommendation (g/mg/mcg) X 100.

Data are presented as mean and standard deviation for the continuous variables and frequency for the categorical variables. Statistical analysis was performed using Anova, Fisher\'s test and the Kruskal Wallis test with Dunn\'s post hoc test. The level of significance was set at p\<0.05.

The study was approved by the Research Ethics Committee of the *Universidade Estadual do Centro-Oeste* (protocol. 026/2011). The Terms of Free Prior Informed Consent were signed by the elderly person\'s legal guardian.

Results
=======

Regarding the risk of dysphagia, 13.3% (n=4) of the patients had a minimal risk, 70% (n=21) a slight risk, and 16.6% (n=5) a moderate risk. No patients were identified with a serious risk of dysphagia.

In [Table 1](#t01){ref-type="table"} it can be seen that there was no statistical difference between the socio demographic variables when the sample was classified into groups according to the risk of dysphagia.

###### 

Characteristics of the study sample according to the risk of dysphagia, Guarapuava - PR, Brazil, 2011

                                                           Minimum Risk (n=4)   Slight Risk (n=21)   Moderate Risk (n=5)   p
  -------------------------------------------------------- -------------------- -------------------- --------------------- -------------------------------------------
  Mean age (years)[‡](#tfn03t01){ref-type="table-fn"}      68.0±14.7            78.0±7.8             78.0±8.3              0.484[\*](#tfn01t01){ref-type="table-fn"}
  Family income (R\$)[‡](#tfn03t01){ref-type="table-fn"}   1893.0±1942.1        2378.0±1361.7        1739.0±861.3          0.598 [†](#tfn02t01){ref-type="table-fn"}
  Schooling (years)[‡](#tfn03t01){ref-type="table-fn"}     6.7±3.8              4.3±3.5              5.4 ±4.5              0.141 [†](#tfn02t01){ref-type="table-fn"}
  Martial status (%)                                                                                                       0.686[†](#tfn02t01){ref-type="table-fn"}
  Single (n \[%\])                                         0 (0.0)              2 (9.5)              0 (0.0)               
  Married (n \[%\])                                        2 (50.0)             9 (42.8)             3 (60.0)              
  Widowed (n \[%\])                                        2 (50.0)             10 (47.6)            2 (40.0)              

ANOVA comparing three groups

Fisher\'s Exact test comparing three groups

Continuous variables are presented as mean ± SD

In assessing the stage of AD, it was found that 33.33% of the patients (n=10) was in a mild stage (CDR1), 26.66% (n=8) in a moderate stage (CDR 2) and 40% (n=12) in a severe stage of the disease (CDR 3).

Using the Kruskal Wallis test it was verified that there was a significant difference in the risk of dysphagia according to the stages of AD ([Table 2](#t02){ref-type="table"}; *p*=0.019), with a difference between the mild and severe stages according to Dunn\'s post hoc test.

###### 

Risk of dysphagia according to the stage of Alzheimer\'s disease, Guarapuava, PR, Brazil, 2011

  Stage of the disease   Risk of dysphagia              
  ---------------------- ------------------- ---------- --------
  Mild (CDR1)            4 (100)             6 (28.5)   0 (0)
  Moderate (CDR2)        0 (0)               7 (33.3)   1 (20)
  Severe (CDR3)          0 (0)               8 (38.1)   4 (80)

Kruskal Wallis test: *P*=0.019, followed by Dunn\'s test - Mild stage vs. severe stage

CDR: Clinical Dementia Rating

Regarding the nutritional status of the patients, the MNA showed that 30% (n=9) was malnourished, 53.3% (n=16) was at risk of malnutrition and 16.6% (n=5) well nourished. Considering the nutritional status according to the MNA and the degree of risk of dysphagia ([Table 3](#t03){ref-type="table"}), it can be seen that the patients were distributed in all the degrees of dysphagia, with the largest number of patients, 40% (n=12) presenting a slight risk and also a risk of malnutrition. Thus, no differences in the risk of dysphagia among elderly people with different nutritional status (classified using the MNA; *P*=0.377; Fisher\'s Exact test) were found.

###### 

Distribution of patients with Alzheimer\'s disease according to the risk of dysphagia and nutritional status, Guarapuava, PR, Brazil, 2011

  Mini Nutritional Assessment   Dysphagia   Total       
  ----------------------------- ----------- ------- --- ----
  Well nourished                2           2       1   5
  Risk of malnutrition          1           12      3   16
  Malnutrition                  1           7       1   9
  Total                         4           21      5   30

Note: Fisher\'s Exact test: P=0.377

Regarding energy intake, 40% (n=12) of the patients presented adequate consumption, according to the recommendations of the Dietary Reference Intakes (DRIs). The distribution of this intake between the degrees of risk for dysphagia can be seen in [Figure 1](#f01){ref-type="fig"}. There was no association between caloric intake and the risk of dysphagia (p=0.853) according to Fisher\'s Exact test. Similarly, there was no statistical difference between caloric intake and the different degrees of dysphagia (p=0.754) according the Kruskal Wallis test. Therefore, caloric intake was similar among the patients, regardless of risk of dysphagia.

![Caloric intake of patients with Alzheimer\'s disease with different degrees of risk of dysphagia, Guarapuava, PR, Brazil, 2011.\
No difference or association was found between caloric intake and risk of dysphagia using the Kruskal Wallis test (p=0.754) and Fisher's Exact test (p=0.853), respectively](rlae-22-02-0317-g01){#f01}

Considering the recommended protein volumes (in grams) for gender and age, some patients were found to have inadequate consumption ([Table 4](#t04){ref-type="table"}). The mean protein intake was 1.2 g/kg/day, however, 23.3% (n=7) of the patients consumed less than the recommended volume (0.8 g/kg/day).

###### 

Average recommendation of percent standard and the percentage of patients with inadequate intake of nutrients consumed by patients with Alzheimer\'s Diesease, Guarapuava, PR, Brazil, 2011

  Nutrient            Intake (mean±SD)   Recommendation[\*](#tfn01t04){ref-type="table-fn"}   Percent standard[†](#tfn02t04){ref-type="table-fn"}   Patients with inadequate intake n (%)
  ------------------- ------------------ ---------------------------------------------------- ----------------------------------------------------- ---------------------------------------
  Proteins (g)        74.7±37.9          46-56                                                148.4±72.4                                            8 (26.6)
  Carbohydrates (g)   211.1±93.0         130                                                  162.4±71.5                                            5 (16.6)
  Lipids (g)          53.8±29.3          ND[‡](#tfn03t04){ref-type="table-fn"}                \-                                                    \-
  Vitamin A (RE)      510.0±533.8        700-900                                              64.6±65.3                                             22 (73.3)
  Vitamin D (mcg)     2.9±2.7            10-15                                                21.5±19.7                                             29 (96.6)
  Vitamin B1 (mg)     1.5±0.8            1.1-1.2                                              134.1±70.8                                            8 (26.6)
  Vitamin B2 (mg)     1.3±0.6            1.1-1.3                                              117.7±55.4                                            8 (26.6)
  Vitamin B3 (mg)     25.6±30.2          14-16                                                169.5±189.9                                           19 (63.3)
  Vitamin B5 (mg)     2.8±1.3            5                                                    56.2±26.2                                             28 (93.3)
  Vitamin B6 (mg)     1.1±0.7            1.5-1.7                                              70.8±48.9                                             23 (76.6)
  Vitamin B12 (mcg)   6.7±12.3           2.4                                                  282.4±513.5                                           13 (43.3)
  Vitamin C (mg)      65.9±65.6          75-90                                                81.5±84.6                                             19 (63.3)
  Vitamin E (mg)      15.7±12.6          15                                                   104.7±84.0                                            26.6 (8)
  Folate (mcg)        122.5±63.3         400                                                  30.6±15.8                                             30 (100)
  Calcium (mg)        479.2±296.6        1200                                                 39.9±24.7                                             29 (96.6)
  Phosphorus (mg)     886.4±398.5        700                                                  126.6±56.9                                            8 (26.6)
  Magnesium (mg)      167.4±67.5         320-420                                              46.3±17.3                                             30 (100)
  Iron (mg)           2.65±6.9           8                                                    158.1±87.0                                            5 (16.6)
  Zinc (mg)           9.4±6.6            8-11                                                 103.2±66.0                                            16 (53.3)
  Copper (mcg)        1.4±3.2            900                                                  0.16±0.35                                             30 (100)
  Iodine(mcg)         53.5±36.0          150                                                  35.6±23.9                                             29 (96.6)
  Selenium (mcg)      60.6±36.0          55                                                   110.2±65.5                                            14 (46.6)
  Manganese (mg)      1.9±1.9            1.8-2.3                                              94.7±84.3                                             21 (70)
  Potassium (mg)      2404.6±3450.5      4700                                                 51.1±73.4                                             29 (96.6)
  Sodium (mg)         2152.3±1153.5      1200-1300                                            177.1±96.3                                            5 (16.6)

Recommendation: Institute of Medicine (IOM) / Food and Nutrition Board (FNB) - 1997, 1998, 2000, 2001, 2005 - according to age and gender of the patients

Percent standard: nutrient intake / recommendation for sex and age x 100

ND: Value not established

According to the DRI recommendation, carbohydrates should represent 45 to 65% of the energy from the diet. However, 26.6% (n=8) of the subjects consumed less than 45%, while 10% (n=3) consumed more than 65%.

Among the micronutrients assessed, folate, copper and magnesium were inadequately consumed by all the patients, with percent standards below those recommended. Iron and sodium presented the lowest percentages of individuals with inadequate intakes. Micronutrient intake was found to be inadequate in all the patients. Regarding the percent standard, copper was the micronutrient with a lowest percentage, while the intake of vitamin B12 was the closest to adequate ([Table 4](#t04){ref-type="table"}).

Discussion
==========

In this study, it was found that the patients with AD exhibited an increased risk of dysphagia with increased severity of AD, demonstrating the relationship between these two conditions. The CDR1 group presented the highest levels of swallowing, while the individuals in the CDR2 and CDR3 groups were distributed between levels of impairment, from mild to moderate, while the CDR3 group presented a higher percentage in the moderate state. These results corroborate previous studies that, using different methodologies, have shown that swallowing disorders correlate with the severity of the dementia, however, unlike the previous studies the present study found that patients in CDR1 already present a slight risk of developing dysphagia^([@r09])^, this is important because it highlights the need for monitoring this aspect from the onset of the dementia or cognitive deficit.

One study evaluated functional changes in the cortical control of swallowing in patients with mild AD and found that in these patients the cortical response traditionally involved in swallowing was significantly lower than the controls in many cortical areas. This finding suggests that changes in the cortical control of swallowing may begin long before the dysphagia becomes apparent. This finding may be related to the AD-related pathological alterations in the brain that emerge years or decades before the first symptoms are diagnosed^([@r19])^.

Unlike previous studies^([@r20]-[@r21])^, the present study found no association between risk of dysphagia and nutritional status. One possible explanation is that the process of malnutrition may be slower to evolve than the dysphagia, and also may not only be related to the risk of development of dysphagia. Furthermore, no patients were found to be in the severe stage of dysphagia, at which point this relationship could possibly be more evident. Another factor to consider is that generally, elderly people choose foods that are high in calories, of little nutritional value, however, are easy to chew and swallow^([@r22])^.

The caloric and macronutrient intake in the assessed patients was within the parameters of adequacy in most of the individuals. These data corroborate other authors that show that weight reduction can be found in patients with AD in spite of their adequate energy intake. It is not known exactly what causes weight loss in patients with AD, however, several hypotheses have been proposed to explain this phenomenon, such as Mesial Temporal Cortex (CTM) atrophy, which is involved with diet; increased energy needs; and organic disorders^([@r11])^. It is believed that behavioral disorders may also play a part^([@r23])^.

Conversely, a high percentage of patients presented an inadequate intake of micronutrients. It is important to consider that the brain is known to be susceptible to oxidative stress, since it is rich in polyunsaturated fatty acids, as well as having high mitochondrial activity that favors the production of reactive oxygen species. Oxidative stress appears to play an important role in the pathology of AD, and the present study found that the levels of consumption of antioxidants, such vitamins A, C, E and selenium, were inadequate in the AD patients evaluated. Cohort studies indicate that the risk of AD is reduced in individuals with diets that include a high or supplementary intake of antioxidant vitamins such as tocopherol (vitamin E) and ascorbic acid (vitamin C)^([@r21],[@r24])^. Studies in cell cultures have shown that vitamins E and C can inhibit Aβ protein deposition^([@r25])^, neuronal cell death and apoptosis^([@r26])^. Selenium also presents an important antioxidant role and is considered to be a protective agent from damage caused by free radicals^([@r27])^. Therefore, it is important to monitor the consumption of these substances, since they can act as neuroprotective factors, preventing or slowing the progress of AD.

In addition to the inadequate intake of antioxidants, intake of vitamin B12, folate and zinc was suboptimal in the patients evaluated in this study. This is troubling, since vitamin B12 deficiency can lead to dementia that is similar in clinical presentation to Alzheimer\'s dementia but that can be reversed by supplementing this vitamin^([@r28])^. Folate, in turn, is necessary in the synthesis of S-adenosylmethionine (SAMe), a provider of methyl to various important brain biomolecules, such as phospholipids, neurotransmitters, amino acids and nucleic acids^([@r29])^. Low serum levels of folate are associated with structural and functional changes in the brain, and also with atrophy of the cerebral cortex, and dementia. Folate supplementation has been shown to have a positive effect on cognitive functions and memory deficits^([@r30])^. Apart from vitamin B12 and folate, zinc plays a critical role in neurotransmission in the glutamatergic synapses. It is in the glutamatergic synapses that the amyloid pathology in AD starts, and they contain high concentrations of zinc, which is released during neurotransmission^([@r31])^.

These problems with the nutritional status, weight loss, and inadequate intake of nutrients observed in the elderly people with AD, highlight the importance of nutritional care and interventions regarding mealtime difficulties, a aspect relevant to the clinical nursing practice with AD patients^([@r13]-[@r14])^.

Conclusion
==========

In conclusion, the results of this study suggest there is an association between the risk of dysphagia and the stage of AD, however, not between the risk of dysphagia and the nutritional status nor the caloric intake. The results indicate the need to monitor the micronutrient intake in patients with AD, as high levels of inadequate intake of micronutrients were found, which is known to be related to important brain functions. More studies are necessary, using a larger sample, considering that this is the main limitation of this study.
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